One alternative to enhance the degradability of polyethylene is the addition of prooxidant substances to their matix. The polymer materials are called oxo-biodegradable. Current investigation aimed to assess the abiotic degradation of linear low densit polyethylene (LLDPE), formulated with soya powder and cobalt stearate as prooxidant additives. The blends of LLDPE/soya powder are to improve the degradability of the materials. The samples with different blends ratio and fixed amount of cobalt stearate was buried into natural soil. It was found that the tensile strength and elongation at break of the eroded materials from the pro-oxidant activated samples were significantly lower than the control sample without cobalt stearate. These samples underwent biodegradation and gave weight loss values up to 9% over 6 months of soil burial. The blends with higher soya powder content shows higher degradation in compost medium.
Introduction
Every year, there is millions tons of synthetic polymeric materials accumulate in the environment. Polyethylene (PE) is a main plastic material in producing packaging and bottles. The packaging materials such as plastic bags accumulate in the environment due to their low degradability, generating pollution and taking space in landfills [1] .
Utilization of biodegradable materials is one of the solutions to reduce accumulation of plastic in the environment and visual pollution. These biodegradable materials can be divided into two major categories which are and hydro-biodegradable polymer and oxo-biodegradable polymers.Intrinsically biodegradable polymer has the chemical structure whichallows the direct action of enzymes and those that become biodegradable after the action of one or more physical process [2] . In another category, there are hydro-biodegradable polymers, such as poly(lactic acid) and aliphatic-aromatic polyesters, which need chemical hydrolysis prior to biodegrading [3] . In this group, the polymer materials which contains pro-oxidant are known as oxo-biodegradable polymers. Oxo-degradable polymers require oxidative degradation in order to reduce the molecular weight and consequently form oxygenated groups that can be easily consumed by microorganisms [4] . Normally, pro-oxidant additives are added at low concentrations in the formulation of conventional polymer resins without changing their properties.
In present study, soya powder has been addedin linear low density polyethylene (LLDPE) in order to fasten the degradation rate. Based on our previous works [5] [6] , the degradation of the LLDPE was improved by the incorporation of soya powder. The cobalt stearate was also added as a pro-oxidant. The effect of the degradation by cobalt stearate was examined by natural compost medium. The tensile properties and weight loss properties were used to assess the degradability.
Experimental
Materials. The soya powder was purchased by HasratBestariSdnBhd, Malaysia. The average granular size was 12 µm. LLDPE granulates with density 0.921 g/cm 3 , and melt flow index 0.90 g/10 min was obtained from Polyethylene Malaysia Sdn. Bhd, Malaysia. Cobalt stearatewas purchased fromAldrich Chemical Company.
Preparation of LLDPE/soya powder blends. Haake internal mixer was used to mixed the LLDPE and soya powder. The mixing temperature was set at 150 o C with the rotor speed of 50 rpm. Initially, the cobalt stearate was physically mixed with LLDPE. The LLDPE and cobalt stearate was first heating for 4 minutes. At 4th minute, soya powder was added gradually into the mixer. The mixing process was followed to be 10 min. Then, the blended samples were compression molded into sheets of 1-mm thickness using a compression molding machine at 150 o C under a pressure of 10 MPa for 10 min. The soya powder content was varied from 0-40 wt% and the cobalt stearate content was fixed at 0.2 wt%.
Natural Composting. The biodegradability of the LLDPE/soya powder blends was measured during natural soil burial for 1 year. The test was conducted from May 2011 to April 2012. Samples were prepared, buried and dug-out for intermediate 3 and 6 months periods. Upon removal, these samples were washed in distilled water, and dried in an air drying oven at 70 o C for 24 hours before undergoing weight loss and tensile properties tests of LLDPE/soya powder used in this study.
Tensile properties. Tensile tests of the blends were performed using a tensometer named Instron (model 3366) according to according to ASTM D638 at crosshead speed of 50 mm/min. A minimum of five specimens of each blending ratio were tested. Tensile strength and elongation at break and were obtained from the tensile test.
Weight Loss. After exposure to the natural composting test, the samples were rinsed thoroughly using distilled water and dried to a constant weight in the oven. Weight loss percentage was calculated accordingly:
Results and Discussion
Tensile Properties. Figure 1 shows the tensile strength of the CS added LLDPE/soya powder blends after 6 months soil burial. The tensile strength decreased as increasing composting period as a result of biotic and abiotic degradation. The tensile strength of the blends with CS was generally lower than the blends without CS in each composting period. This indicates that CS affect on the degradation of LLDPE/soya powder blends even in compost condition. The addition of CS can accelerate the blends with the presence of limited oxygen in the soil. The effect of degradation in CS added blends was obvious after 6 months soil burial. The blends with up to 30 wt% soya powder content was fragmented after 6 months composting period and could not be subjected to tensile test.
Advanced Materials Research Vol. 795 555 Fig. 1 : Comparison of tensile strength for the blends with and without CS after soil burial Figure 2 demonstrates the E b of the CS added blends after 6 months soil burial. The trend of E b is similar to the tensile strength ( Figure 1 ). The CS added blends also showed lower retention in tensile strength and E b compared to blends without CS. It was proven that CS gave a strong effect in oxidation and scissioning the polymer chain during soil burial.
Fig. 2 : Comparison of E b for the blends with and without CSafter soil burial
Weight Loss. The gravimetric analysis of LLDPE/soya powder blends was carried out by measuring the weight loss after soil burial. Table 1 shows the comparison of blends with-and without-cobalt stearate as pro-oxidant. As expected, the weight loss of the blends raised with increasing soya powder content. During natural composting, the addition of the CS also showed a higher reduction in weight loss compared to the blends without CS. Although the sunlight and heat were difficult to penetrate into the soil, the oxygen in the soil might induce oxidation of LLDPE in lower temperature. The LLDPE molecule chain and its blends with the addition of CS were easier to be scissioned by oxygen to a smaller segment. Therefore, the microorganism can be easily mineralized the smaller segment and resulted in weight loss during soil burial.
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Conclusion
The tensile strength and elongation at break of LLDPE/soya powder blends reduce over 6 months of natural composting. The addition of the cobalt sterate has further reduced the tensile strength and elongation at break, indicates the better degradability in natural composting. The weight loss of the cobalt stearate added blends was higher than the blends without cobalt stearate. The increase in soya powder content also improved the degradability as indicating by the higher weight loss value.
